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© An accumulator type of fuel injection nozzle in- 
cluding an improved arrangement for slidably sup- 
porting the actuator end of the injection valve within 
the control chamber that controls the opening and 
closing of the injection valve. This is accomplished 
by providing a closure plate that has a large diam- 
eter bore that supports an enlarged diameter portion 
of the injection valve. The bore is closed by a 
slidably supported supporting plate that has a small- 
er diameter bore which engages the control valve 
adjacent its larger diameter portion and slidably sup- 
ports it. 
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IMPROVED VALVE SUPPORT FOR ACCUMULATOR TYPE FUEL INJECTION NOZZLE 



Background of the invention 

This invention relates to an improved accu- 
mulator type fuel injection nozzle and valve and 
valve actuator for such a nozzle. 

A well known and popular type of fuel injection 
nozzle is the so-called accumulator type. With this 
type of fuel injection nozzle, there is provided a 
housing that defines an accumulator chamber that 
is charged with fuel under pressure. The flow con- 
trolling injection valve of the nozzle has an actuator 
portion that is mounted within a small control 
chamber that is also pressurized with fuel under 
pressure. When it is desired to inject fuel, the 
pressure in the control chamber is rapidly reduced 
by opening a relief valve for that chamber and the 
pressure in the accumulator chamber opens the 
injector valve and permits the fuel to be dis- 
charged. 

With this type of device, the actuator normally 
is formed integrally with the injector valve and is 
slidably supported within a bore- that defines the 
control chamber. Obviously, it is desirable to pro- 
vide a large diameter for the actuator portion of the 
injection valve so as to insure relatively high pres- 
sures acting on the injector valve from the control 
pressure chamber to hold the valve in its closed 
position. Normally, conventional systems require 
relatively heavy springs for holding the injector 
valve in its closed position and this has a number 
of disadvantages. 

However, when a large diameter actuator por- 
tion is provided, it is difficult to assemble the 
complete mechanism. The reason for this is that 
the controlling portion of the injection nozzle is 
relatively small in size and when all of the parts are 
assembled, the clearances associated with large 
diameter actuator portions make it difficult to insure 
smooth valve operation at a reasonable cost. 

It is, therefore, a principal object of this inven- 
tion to provide an improved actuator arrangement 
for the valve of an accumulator type fuel injection 
nozzle. 

It is a further object of this invention to provide 
an improved supporting arrangement for the ac- 
tuator portion of the injector valve that permits 
large diameters to be utilized while at the same 
time minimizing assembly problems and cost 



Summary of the invention 

This invention is adapted to the embodied in 
an accumulator type injection nozzle that is com- 
prised of an outer housing of an accumulator 



chamber that is adapted to be supplied with high 
pressure fuel. A nozzle port leads from the accu- 
mulator chamber and an injection valve is movea- 
ble between a closed position and an open position 

5 for controlling the discharge of fuel from the accu- 
mulator chamber through the nozzle port. A control 
chamber is also incorporated that receives pressur- 
ized fuel and an actuating member is supported for 
movement within the control chamber and is asso- 

70 ciated with the injector valve for retaining the injec- 
tor valve in its closed position when the control 
chamber is pressurized and for movement of the 
injector valve to its open position when pressure is 
relieved in the control chamber. A relief valve 

15 means is moveable between a closed position for 
maintaining pressure in the control chamber and an 
opened position for relieving pressure in the control 
chamber for effecting fuel discharge through the 
nozzle port. In accordance with the invention, the 

20 control chamber is defined by a portion of the outer 
housing that defines a bore. The actuating member 
is comprised of an enlarged diameter portion of the 
injector valve that is slidably supported in the outer 
housing bore. A supporting member is slidably 

25 engaged with a face of the outer housing at the 
end of the bore facing the accumulator chamber 
and which closes the bore. The supporting member 
has a supporting bore that slidably supports a 
smaller diameter portion of the invention valve ad- 

30 jacent its large diameter portion. 



Brief description of the drawings 

35 Figure 1 is a cross-sectional view of an ac- 

cumulator type fuel injection nozzle constructed in 
accordance with an embodiment of the invention 
and showing the nozzle in combination with a sche- 
matically depicted fuel supply and return system. 

40 Figure 2 is an enlarged cross-sectional view 

showing the closure plate, control chamber, and 
injection valve actuator and support. 

Figure 3 is an enlarged, cross-sectional view 
showing the relief valve element. 

45 

Detailed description of the preferred embodiment 
of the invention 

so Inlet port for supplying fuel to the accumulator 

chamber and control chamber and a return port for 
returning fuel from the control chamber to the fuel 
system. In accordance with this feature of the in- 
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vention. at least one of these ports extends axially 
of the outer housing and through its outer end. 



Brief description of the drawings 

Figure 1 is a cross-sectional view of a fuel 
injection nozzle constructed in accordance with an 
embodiment of the invention and shown in a fuel 
system which is depicted schematically. 

Figure 2 is a top plan view of the fuel injec- 
tion nozzle. 

Figure 3 is an enlarged cross-sectional view 
showing the relief valve. 



Detailed description of the preferred embodiment 
of the invention 

Referring to the drawings, a fuel injection noz- 
zle constructed in accordance with an embodiment 
of the invention is identified generally by the refer- 
ence numeral 11. The injection nozzle 11 is com- 
prised of an outer housing assembly, indicated 
generally by the reference numeral 12 that is 
adapted to be mounted, in a manner to be de- 
scribed, in the cylinder head of an internal combus- 
tion engine with a nozzle port 13 communicating 
with the combustion chamber for delivering fuel to 
it in a manner to be described. Rather than direct 
cylinder injection, the invention may be utilized in 
conjunction with manifold injection systems but the 
invention has particular utility with direct injection, 
for example as used with high speed diesel en- 
gines. 

Fuel is supplied to the injection nozzle 11 from 
a remotely positioned fuel tank 14 by means of a 
high pressure pump 15. Excess fuel is returned 
back to the reservoir 14 through a return line 16. 
The fuel delivery and return systems per se form 
no part of the invention and, for that reason, they 
have been illustrated only schematically. 

The outer housing 12 Is comprised of a lower 
piece 17 that has a threaded lower end 18 that is 
adapted to be threaded into a suitable aperture in 
the cylinder head of the associated engine (not 
shown) in a known manner. The nozzle port 13 is 
defined by a tip 19 that has a threaded portion 21 
that is received in a threaded bore 22 formed at 
the lower end of the housing piece 17. An adjusting 
shim 23 is interposed between the nozzle piece 19 
and housing 17 for length adjustment. 

An injection valve 24 is slidably supported with- 
in a bore 25 of the nozzle piece 19 and has a 
reduced diameter portion 26 and a flow controlling 
tip 27 which, in the closed position, closes the 
injection nozzle port 13. The valve portion 26 has 
interrupted enlargements for slidably supporting 



the injection valve 24 in the bore 25 in a known 
manner. 

An accumulator chamber 28 is formed above 
the bore 25 by the housing piece 17. The accu- 

5 mulator chamber 28 is closed at Its upper end by 
means of a closure plate 29 that is held against a 
shoulder in the housing piece 17 by a second 
housing piece 31. The housing piece 31 has a 
threaded portion 32 that is received within a thread- 

10 ed bore 33 of the housing piece 17 so as to hold 
the closure plate 29 in position and maintain the 
chamber 28 is a sealed condition, except as is 
hereinafter noted. Externally of the threaded open- 
ing 33, the housing piece 17 is formed with a 

75 hexagonal portion 34 so as to facilitate its insertion 
iQto the theaded bore of the cylinder head. 

The housing piece 31 is formed with an inlet 
conduit 35 that has a threaded external portion 36 
so as to receive a fitting for connecting a supply 

20 line 37 extending from the pressure pump 1 5 to the 
inlet conduit 35. 

The inlet conduit 35, which is generally a 
drilled opening, is intersected by a further drilled 
passageway 38 that extends axially along the hous- 

25 ing piece 31 at one side thereof and which commu- 
nicates at its lower end with a corresponding cir- 
cumferential groove 39 formed in the upper face of 
the closure plate 29. The groove 39 is intersected 
by a passage 41 which delivers fuel under pres- 

30 sure to the accumulator chamber 28. 

A control chamber 43 is formed in the closure 
plate 29 by means of a bore 44 that extends 
toward the lower end of the closure plate 29. The 
injection valve 24 has a large diameter generally 

35 cylindrical actuator portion 45 that is slidably sup- 
ported within the bore 44 and which closes the 
lower end of the control chamber 43. A restricted 
orifice 46 fixed in the end of the actuator portion 45 
communicates an axial passage 47 of the portion 

40 45 and radial port 48 with the accumulator chamber 
28. The control chamber 43 communicates with the 
orifice 46 to receive the pressurized fluid and nor- 
mally urge the injection valve 34 toward its down- 
ward or closed position. 

45 Normally, the enlarged diameter portion 45 of 

the injector valve 24 will be slidably supported 
directly by the closure plate 29. However, it is 
desirable to maintain a large bore for the diameter 
44 and a large diameter for the portion 45. How- 

50 ever, it is necessary that the flow controlling portion 
27 of the injector valve 24 be accurately aligned 
with the bore 44 in order to insure smooth move- 
ment. However, this is very difficult when large 
diameters are employed and assembly and in- 

55 stallation can becom quite a problem. In order to 
avoid this, the injection valve 24 is provided with a 
portion 49 of a diameter that is smaller than the 
diameter of the portion 45 but which is larger in 
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diameter than a shank portion 51 of the injection 
valve 24. The portions 49 and 51 are connected by 
a rounded section 52 so as to relieve stresses. 

A supporting member, indicated generally by 
the reference numeral 53 and which may have a 
generally annular shape, is formed with a bore 54 
that is complementary to the injection valve portion 
49 so as to provide sliding support for it However, 
the supporting member 53 is received within an 
enlarged diameter cylindrical recess 55 formed in 
the closure plate 29 so as to provide a gap g 
around this member. As a result, the supporting 
plate 53 may move transversely to accomodate 
alignment and, at the same time, sealingly engage 
a portion 56 formed in the bore 44 below the 
enlarged diameter portion 45. This area 56 is vent- 
ed to return pressure through a return line 57 so 
that the higher pressure acting in the control cham- 
ber 43 will be sufficient to hold the injection valve 
24 is its closed position due to the different forces 
provided for by the smaller effective area of the 
portion 49 from the portion 45. As a result, the 
pressure in the control 43 is. by itself, sufficient to 
maintain the injection valve 26 in a seated position 
within the nozzle port 43. 

Even though this pressure sealing may be ade- 
quate, if desired, a coil compression spring 50 may 
be provided that encircles the injection valve 24 
and bears against the support member 53 at its 
upper end. The lower end of the spring 58 engages 
a cup shaped retainer 59 that is held axially in 
position against a shoulder formed by an enlarge- 
ment 91 on the injection vaive 24 so as to further 
assist in maintaining the injection valve 24 in the 
closed position as shown in the drawings. The 
spring 58 also holds the supporting plate 53 in 
sealing relation with the portion of the closure plate 
surrounding the bore 44. However, the pressure 
difference across the supporting member 53 is 
sufficient that the spring 58 need not be necessary. 

A relief valve 61 is supported within the upper 
end of the closure plate 29 and controls the open- 
ing of a relief valve seat 62 formed in the upper 
end of the closure plate 29 and communicating 
with the control chamber 43. The relief valve 61 
comprises a headed portion that is reeived within a 
corresponding recess 63 formed in an enlarged 
disk like armature plate 64. The relief valve 61 is 
held in this recess 63 by upsetting a portion of the 
armature plate 64 around the valve 61 as shown at 
65 in Figure 3. The relief valve 61 is biased toward 
its closed position with the valve seat 62 in a 
manner to be described. 

The relief valve 61 when opened will permit the 
fuel in the control chamber 43 to return to the tank 
14 through a return fitting 66 that extends axially 
through the end of the housing piece 31 parallel to 
the inlet passageway 35. The return passageway 



66 communicates with the conduit 16. Fuel can 
flow from the relief valve seat 62 to the return 
passageway 66 through the suitable internal pas- 
sageways or clearances to permit this return flow, 

s which is relatively small in volume. 

The relief valve 61 is opened and closed so as 
to control the discharge of fuel from the nozzle port 
13 by means of an electromagnetic assembly, in- 
dicated generally by the reference numeral 67. 

io This electromagnetic assembly 67 induces a gen- 
erally cylindrical yoke 68. that has a threaded open- 
ing at an enlarged diameter lower end portion 69 
which is received on a threaded portion of the 
closure plate 29 so as to secure the electromag- 

15 netic assembly 67 in position. 

The electromagnetic assembly 67 is comprised 
of a solenoid coil or winding 71 that is disposed at 
the lower end of the housing or yoke 68 and which 
encircles an armature 72. The armature 72 is 

20 formed with a bore that slidably supports an exten- 
sion of the relief valve. An enlarged portion 73 is 
affixed to the upper end of the relief valve exten- 
sion 64 and is received within a counter bore 74 
formed in the upper end of the armature 72. A coil 

25 compression spring 75 is received in this counter 
bore and is preloaded by means of an adjustable 
screw 76 so as to apply a preset closing biasing 
force on the relief valve 61 so as to hold it in the 
closed position as aforenoted. 

30 The yoke 68 of the electromagnet 67 has an 

upper portion 77 which is also cylindrical in shape 
but which is reduced in diameter from the mount- 
ing portion 69 and is of substantially lesser diam- 
eter than the bore of the housing piece 31 in which 

35 is it received. This provides a clearance 78 which 
will prevent the transmission of stray flux paths to 
the housing 12. 

The yoke parts 69 and 77 are connected to 
each other by means of an intermediate part 79 

40 that extends radially inwardly In proximity to the 
lower end of the winding 71 and immediately 
above the armature 64 of the relief valve 61 . This 
provides a concentrated flux path between the ar- 
mature 72 of the electromagnet 67 and the ar- 

45 mature 64 of the relief valve 61. In order to reduce 
the transmission of flux to the housing piece 31, 
the intermediate portion 79 is provided with weak- 
ened or reduced portions that interconnect it to the 
remaining components so as to provide the af- 

so orenoted result 

A circuit is provided for energizing the coil 71 
of the electromagnet assembly 67 for opening and 
closing the relief valve 61 . This circuit includes a 
pair of terminal posts 81 (only one of which ap- 

55 pears in the drawings) that extend through the 
upper end of the housing piece 31 with an insulat- 
ing sleeves 82 being interposed between the hous- 
ing piece 31 and the terminal posts 81. Electrical 

4 

RNJ5S nanR 4 



7 



EP 0 333 096 A2 



8 



tab connectors 83 are held on the posts 81 in 
electrical contact with them between a respective 
pair of nuts 84 so as to afford attachment to an 
appropriate lead of a circuit (not shown). A wire 85 
is connected to the post 81 to complete the con- 
nection to the winding 62. 

The condition shown in Figure 1 is that which 
occurs when the winding 71 is deenergized. When 
the winding 71 is deenergized, the relief valve 51 
will be held in its closed position by the spring 
pressure difference on the injector valve 24 and by 
the 58, if used, so that the accumulator chamber 
28 and control chamber 43 may be pressurized. 

At the appropriate instant for fuel injection to 
begin, which may be controlled in any suitable 
strategy, the winding 71 is energized. When this 
happens, the relief valve armature 64 will be at- 
tracted upwardly by the flux in the armature 72 so 
as to open the relief valve 61 against the action of 
the spring 75. The pressure in the control chamber 
43 will then be rapidly depleted and the higher 
pressure of the fuel acting in the accumulator 
chamber 28 will urge the injection vaJve 24 upwar- 
dly and permit fuel to issue from the nozzle port 
13. Fuel charge is stopped by discontinuing the 
energization of the winding 71 so as to close the 
relief valve 61 and permit pressure in the control 
chamber 43 to again build up sufficiently to create 
a pressure difference to close the injection valve. 

It should be readily apparent from the fore- 
going description that a very effective accumulator 
type injection nozzle has been provided in which 
high sealing pressures can be obtained while at the 
same time facilitating assembly and without neces- 
sitating high cost precision components. Although 
an embodiment of the invention has been illus- 
trated and described, various changes and modi- 
fications may be made without departing from the 
spirit and scope of the invention, as defined by the 
appended claims. 



its opened position when pressure is relieved in 
said control chamber, and relief valve means 
moveable between a closed position for maintain- 
ing pressure in said control chamber and an 

5 opened position for relieving said control chamber 
for effecting fuel discharge through said nozzle 
port the improvement comprising said control 
chamber being defined by a portion of said outer 
housing defining a bore, said actuating member 

w comprising an enlarged diameter portion of said 
injection valve slidabiy supported within said bore, 
a supporting member slidabiy engaged with a face 
of said housing at the end of said bore facing said 
accumulator chamber and closing said bore, said 

75 supporting member having a supporting bore 
slidabiy supporting a smaller diameter portion of 
said injection valve adjacent said enlarged diameter 
portion. 

2. An accumulator type of injection nozzle as 
20 set forth in claim 1, whrein the supporting member 

is received within a recess formed in the outer 
housing adjacent the bore. 

3. An accumulator type of injection nozzle as 
set forth in claim 2 wherein the recess comprises a 

25 counter bore. 
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Claims 

1. An accumulator type of injection nozzle 45 
comprised of an outer housing defining an accu- 
mulator chamber adapted to be supplied with high 
pressure fuel, a nozzle port leading from said accu- 
mulator chamber, an injector valve moveable be- 
tween a closed position and an opened position for so 
controlling the discharge of fuel from said accu- 
mulator chamber through said nozzle port, a con- 
trol chamber for receiving pressurized fuel, an ac- 
tuating member supported for movement within 
said control chamber and associated with said in- 55 
jector valve for retaining said injector vaJve in its 
closed position when said control chamber is pres- 
surized and for movement of said injector valve to 
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